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Hyperscalers are turning to Solid-State Transformers (SSTs) to 
boost AI data center compute performance and maximize revenue. 
AI data centers are increasingly being described as factories that 
produce tokens during the inference process, where the token rep-
resents the compute output. An AI factory’s throughput in the gen-
eration of tokens is limited by the available electrical power and is 
directly tied to its revenue potential.

Maximizing Grid-to-Chip Efficiency
Unlike storage, networking and edge workloads, the power de-
mands of AI and modern High-Performance Computing (HPC) 
workloads continue to increase exponentially. As the GPU power 
consumption and the number of synchronized GPUs increase, 
compute rack power will continue to grow rapidly from tens of kilo-
watts to hundreds of kilowatts, and ultimately 1–2 megawatts. The 
compute output is constrained by the finite power that is available. 
Maximizing efficiency from the grid to the GPU not only reduces 
infrastructure and operating costs, but just as importantly, it maxi-
mizes compute power capacity, resulting in higher operating rev-
enue. 

Token production throughput is measured in Tokens Per Second 
(TPS) per MW, with a related metric of Tokens Per Watt (TPW), 
which measures efficiency at the token level. Both metrics tie token 
generation directly to power consumption. TPS per MW is used in 
planning the capacity of a facility, while TPW drives hardware- and 
system-level optimizations. The deployment of the 800 V AI data 
center architecture is planned to maximize the available power for 
token generation. The goal is to minimize the losses in the power 
distribution and conversion stages throughout the facility, from the 
utility grid feed to the sub-1 V GPU supply.

More Power, More Tokens:  
How SSTs are Reshaping Data 

Center Infrastructure
The transition from AC distribution to the 800 V DC architecture is reshaping the data center 

power infrastructure, boosting token generation and revenue potential. Higher voltage SiC devices 
are simplifying SST designs and enabling 34.5 kV systems. Matrix converters are emerging as a 

promising alternative to the cascaded H-bridge architecture. 
By Ehab Tarmoom, Applications Engineering Manager of  

Microchip Technology’s High-Power Solutions Business Unit

Wide Bandgap

(a)

(b)

(c)
Figure 1: Phased deployments of grid-to-800 V architectures:  
(a) rectifier-based, (b) 13.8 kV SST and (c) 34.5 kV SST

The global AI data center build-out is driving a sharp demand for 
Low-Frequency Transformers (LFTs). Today, lead times are ap-
proaching 5 years1, up from 18–24 months in recent years. LFT pro-
duction cannot keep up with AI data center demand. Nearly half of 
U.S. data centers planned for this year have been delayed or can-
celed due to equipment shortages. Beyond the supply constraints, 
the LFT-based, system-level solution in Figure 1a suffers from low 
efficiency, low power density and inadequate power quality, and 
lacks the ability to support grid regulation.

The maximum voltage under Medium-Voltage (MV) AC classifica-
tion varies by standards, with 35 kV under IEEE/ANSI and up to 72.5 
kV under IEC standards. In the initial deployment of the 800 V dis-
tribution architecture, 34.5 kV utility power is fed into an LFT to step 
down the voltage to another MV-AC level, such as 13.8 kV, followed 
by a second LFT to produce Low-Voltage (LV) AC, such as 480 V. The 
LV-AC supplies a three-phase rectifier and DC/DC converter to out-
put a regulated 800 V DC. Subsequent deployments will transition 
to an SST-based architecture. 

Solid-State Transformer
In the context of an AI data center, a solid-state transformer is a 
power electronics system that converts MV-AC to LV-DC voltages, 
such as 800 V or ±400 V. The utility power and regulated output 
are galvanically isolated by means of a Medium-Frequency Trans-
former (MFT). SSTs can include bidirectional power flow capability 
for maintaining grid stability. Outside of data centers, such as in 
microgrids, an SST may be used to generate regulated AC outputs 
with higher or lower voltage at a different line frequency and may 
also be implemented as a multi-port system.

As AI data centers scale to hundreds of megawatts and beyond, 
volumetric power density of power equipment within the facility 
becomes an increasingly critical design constraint. AC power dis-
tribution architectures that provide a three-phase feed to a power 
rack local to the compute rack will be replaced with an 800 V or 
±400 V DC distribution architecture. This frees up valuable floor 
space for compute racks.

Dry-type LFTs used in data center gray space have a typical power 
density of 200 kW/m3, while outdoor-rated, oil-filled LFTs are higher 
at 450 kW/m3, as the oil reservoir and cooling radiator provide ef-
fective thermal management. The power density of both 3-phase 
6-pulse and 12-pulse rectifiers is typically 600 kW/m3. The DC-DC 
converter has a typical power density of 400 kW/m3. For the solu-
tion in Figure 1a, the total volume for a 3.5 MW system is 40 m3 
and the power density is 88 kW/m3. Excluding the 34.5 kV LFT, the 
volume of the 13.8 kV LFT, rectifier and DC/DC converter is 32 m3 
and the power density is 109 kW/m3. Further improvements in this 
architecture’s power density are marginal.
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The power density of today’s 13.8 kV SSTs is approximately 100 kW/
m3. Unlike the LFT-rectifier-based solution, which has largely pla-
teaued in power density scaling, the SST is an emerging technol-
ogy with future power density targets of 1 MW/m3 as projected by 
industry leaders.

The migration from three-phase AC distribution to 800 V DC distri-
bution alone offers efficiency improvements of 5 % or more, with 
further gains as the architecture transitions from rectifier-based to 
SST-based deployments. The rectifier-based 800 V DC architecture 
in Figure 1a is estimated to achieve a grid-to-800 V efficiency of ap-
proximately 95 %. The 13.8 kV SST-based architecture in Figure 1b 
is expected to reach 97–98 %, while the 34.5 kV SST in Figure 1c is 
expected to reach 98–99 %.

SST Architecture
The Cascaded H-Bridge (CHB) in Figure 2 is the predominant archi-
tecture used in SST designs. The CHBs in each of the three phases 
are composed of cells connected in an Input-Series Output-Parallel 
(ISOP) configuration. The front-end series connection uses devices 
with blocking voltage ratings less than the applied phase voltage. 
The CHB cells are sized such that the sum of their individual volt-
age ratings exceeds the peak phase voltage with margin. In an SST 
design with N+2 redundancy, a 13.8 kV SST may have 14 cascaded 
cells per phase, each using 1200 V SiC MOSFETs to block the 8 kV 

Figure 2: MVAC-fed cascaded H-bridge SST
(a) (b) (c)

Figure 3: (a) Microchip 3.3 kV HV-D3 SiC Power Module,  
(b) half-bridge configuration and (c) common-source configuration

•  AQG-324 Qualified
•  Trench Gate Field Stop Technology
•  Low Saturation Voltage
•  Fast switching
•  Direct Liquid Cooled
•  Cost-effective 

Silicon Carbide &  
IGBT Power modules

www.cissoid.com

Industry-standard packages  
for enhanced robustness  
and drop-in compatibility.

Highlighted Product - 
3-phase 750V/820A IGBT  

Power Module

Customizable 
IGBT & SiC 
Modules

Automotive  
IGBT & SiC 

3-Phase Power 
Modules

Industrial & Automotive
Single-phase IGBT 

Modules

9-11 June
Booth H9-5322026

http://www.cissoid.com


Bo
do

's
 P

ow
er

 S
ys

te
m

s®
   

 · 
   

bo
do

sp
ow

er
.c

om
 

June 2026 49Wide Bandgap

phase voltage. The secondary side of the cells connects in parallel 
to provide the high-current, 800 V regulated output. An N+2 SST 
with 14 cells per phase, 42 in total, each rated at 40 kW, may have 
a 1.4 MW power rating with maximum continuous output current 
of 1800 A.

For additional voltage headroom and a system with fewer cascaded 
cells, the trend has been to use SiC MOSFETs with higher voltage 
ratings, such as 1700 V-rated devices. This reduces the per-phase 
cell count to ten.

A promising alternative to the CHB is the matrix converter. Matrix 
converters have been extensively researched in academia, and ad-
vances in SiC technology are now enabling their adoption in high-
power SST applications where power density and efficiency are 
critical. While there are several challenges in developing a robust 
matrix converter, one of the key benefits enabling higher reliability 
is the absence of energy storage elements, such as DC link capaci-
tors or inductors.

The switch design of a matrix converter differs from that of a cas-
caded H-bridge. The CHB uses one or more (unidirectional) MOS-
FETs per switch position, connected in parallel for higher current 
capability. In a matrix converter, the switch must operate as a four-
quadrant switch. That is, it must block voltage of both polarities 
and conduct current in both directions. This is achieved by connect-
ing SiC MOSFETs in an anti-series configuration: common-drain or 
common-source. In low-voltage and low-power applications, 700 V 
or 1200 V MOSFETs connected in a common-drain configuration 
may be co-packaged in a discrete, surface-mount package. This 
configuration requires isolated gate drivers for each of the two 
MOSFETs. With the SST’s high blocking voltage and its creepage and 
clearance distance requirements, discrete, surface-mount packag-
es are typically not an ideal solution.

Microchip HV-D3 mSiC® Module
The Microchip HV-D3 family of 3.3 kV SiC power modules offers 
solutions for both CHB and matrix converter-based SST architec-
tures. The HV-D3 in Figure 3 is available in a half-bridge configu-
ration with two unidirectional series-connected switches and in 
a common-source configuration forming a single bidirectional 
switch. An advantage of the common-source configuration over 
the common-drain is that only one isolated gate driver is needed 
per bidirectional switch, further reducing system complexity. This 
is because the MOSFETs’ gate and source terminals are part of the 
same isolation zone.

The HV-D3 module conforms to the industry-standard 62 mm foot-
print but with higher voltage isolation. In MV-SST applications, the 
power module must withstand high voltage transients while main-
taining safe isolation. While 4 kV isolation voltage is the industry-
standard for this package type, the HV-D3 is rated for 6 kV isola-
tion voltage and classified as Material Group 1 with a Comparative 
Tracking Index (CTI) of ≥600V. The terminal-to-terminal and termi-
nal-to-baseplate creepage distances are 23 mm and 28.3 mm, re-
spectively.

The 3.3 kV HV-D3 SiC power module design addresses practical 
challenges in developing high-voltage converters, including SSTs. 
Its performance characteristics and topology options enable de-
signers of CHB- or matrix converter-based SSTs to meet challenging 
MV application requirements.
1 The US Data Center Boom Is Hitting a Transformer Crunch - 
Bloomberg

www.microchip.com 

High
Power
Magnetics

Low
Power
Magnetics

Gate
Driver

Modules

Current
Sensors

May 9-11 Hall 7 | Booth 418

M e e t  o u r  s p e c i a l i s t s  a t P C I M  2 0 2 6

Alessio Cirino
High Power Magnetics 

Renaud Ponge
Low Power Magnetics 

Eugen Stumpf
Gate Drivers &

Current Sensors

Congratulations to BODOS POWER on your 20-year anniversary
We are proud to partner with you and look forward to our continued success together

http://www.microchip.com
https://www.tamuracorp.com/global/

	Bodos Power Systems June 2026
	Supporters & Friends
	Content
	Viewpoint: Ecology is free!
	Grandpas Playground: What a Journey!
	Readers Voice
	Product of the Month: High Resolution 10kV Modular Measurement System for Solid State Transformer Testing
	Cover Story: DC/DC Power Modules: Intelligent Switching for efficient Applications
	Power Supply: Designing a 30 kW 3-phase Interleaved T-Type Vienna PFC for AI Server Power Supply
	Design and Simulation: A Three-Phase GaN QFN Module for High Power-Density Motor Drives
	Power Module: Enhanced Power Module for PV and PCS/ESS Applications
	MOSFETs: Ruggedness Matters: MOSFETs Built on Mature Planar Technology
	MOSFETs: Improving Efficiency and Thermal Margin in a 204W Quarter-Brick Converter Using a 150V MOSFET
	Wide Bandgap: More Power, More Tokens: How SSTs are Reshaping Data Center Infrastructure
	Capacitors: Dry-Type Film Capacitors for High-Frequency Power Applications
	Wide Bandgap: Third Generation SiC MOSFETs for Highly Efficient Electric Vehicle Drivetrains: Improving Robustness and Performance
	Test and Measurement: Test Equipment for the next Generation of Power Semiconductors
	Wide Bandgap: A three-phase three-level flying Capacitor DC/AC Converter based on GaN FETs with integrated Gate Drivers
	Wide Bandgap: Advantages of integrated half-bridge GaN Devices in Home Appliance Motor Drive Applications
	Diodes and Rectifiiers: 7th Gen Fast Recovery Diode Enabling Full Performance of Modern IGBTs
	Sensors: A novel Current Sensing Technology utilizing III-V compound Hall Elements as an Alternative to Shunt Resistors and isolated Σ-Δ Modulators
	Renewable Energy: Transforming Energy Storage: The Role of Bidirectional Charging in BESS
	Design and Simulation: Three-Phase CoolSiC Inverter Evaluation Kit with Double Sided Cooling: Architecture, Thermal Design, and Test Methodology
	Thermal Management: Lab Skills For Switch-Mode Power Supply Evaluation – Part 1: Measuring Voltage Ripple and Switching Node
	New Products




